together with the difference between the means, the standard error, the value of t and the number of degrees of freedom. This is the stage at which the teacher learns whether the statistics lectures have been absorbed. It is noteworthy that the only time the students express surprise is when the statistics appear on the screen almost immediately they have been requested.
Reactions vary on this use of a computer. A rather caustic comment I received from an overseas colleague was that I should be given a prize for using the maximum amount of apparatus to the minimum of effect. However, I find that I can concentrate on teaching neurophysiology, and a little statistics; most important, it is real statistics done on a live problem. The students like the way they can carry an experiment through to completion then and there. In the context of this article, however, the whole medical class should be aware of what a small data processing computer can do. They should now be able to appreciate the use of such a computer in the chemical pathology laboratory or in an intensive care unit. Wherever in medicine many measurements have to be made, much data recorded or many records managed, it seems likely that computers will play a progressively bigger part. When this occurs the doctor will be relieved of work not fit for a man but suitable for a machine, and will be free to apply his unique abilities to considering the significance and value of the measurements, data and records, using them effectively and recognizing their limitations.
We must not expect all medical students to leatn the anatomy and physiology of computers. We should aim to produce an informed body of doctors as willing and able to evaluate the part of computers in medicine as of any other technical aid. The use of computers in information processing is a new development which has occurred in the last quarter of a century and which is beginning to play a part in health care and in medical education. Computing is being introduced into many degree courses, which have hitherto regarded computer usage as the prerogative of the science and engineering faculties. In the medical course, in both the preclinical and clinical years, computer appreciation courses are being provided by interested teachers for interested students. It has become apparent over the past few years that it would be necessary to include in medical training not only the need to show the uses of computers to students but also to provide them with the knowledge and skills of using the computer via its peripheral devices. However, it is not possible to teach effectively the uses of computers in medicine and the contribution they can make to medical practice without having first defined the needs of the target population about to receive such training. From such definitions the aims that the training has to realize can be formulated. There appear to have been few, if any, studies about the needs of medical students in the UK and only one attempt has been made to determine on an international scale the needs of the health care professions in relation to data processing in medicine. The task was undertaken by a particular Working Group of the International Federation for Information Processing (IFIP). IFIP is a body founded by national computing societies, of which the British Computer Society is a member. The IFIP study was designed so that it would give data of the needs of various types of health care personnel for data processing and from such a statement of needs objectives could be designed for different training programmes. At present postgraduate education in the use of, and the uses of, computers largely rests with the initiative of a whole variety of bodies. In the UK the British Computer Society has a medical section, and this is active in presenting lectures to those interested. It also, of course, has its nonmedical computer experts who also support the section and who carry out a large amount of computer programming and systems work in the National Health Service. Other postgraduate bodies such as the British Postgraduate Medical Federation, the British Medical Association, the Royal Society of Medicine and the various specialist Colleges also have various computer lectures and courses. It has to be said, however, that these courses are designed on an ad hoc basis, rarely have aims and objectives that are stated and hence no clear criteria for evaluation of the course.
In the undergraduate course, there is a similar need for studies of what students need to know about medical computing. From such information it is possible to design the aims of the courses to take them to various levels of competence.
The IFIP study advocated three levels of competency for health personnel in medical computing. During the clinical course a motivated and interested student might be expected to accomplish Level I and even attain Level II of the computer course. Level I is predominantly a computer appreciation or introductory course, while Level II is a programming and systems analysis course. The content of the course at each level may be briefly set out as follows:
Level 1: Infoi mation theory and computer vocabulary: definitions, terms (jargon) and languages. Information processings: sorting, collating, storage and retrieval. Information manipulation: preparation of data, input and output devices. Computer parts: the basic components of the machine. Different types of computer interaction: batch, real-time and monitoi-ing systems. Medical systems: description of projects and facilities available at King's College Hospital and Medical School. Level I: More detailed knowledge of computer hardware. Working knowledge of an assembler language and two high level languages (Fortran, COBOL, or Algol). Theory and practice of systems analysis and design of a medical subsystem. On-going experience of developing medical applications.
By the end of the computer appreciation course (Level I), the following aims should have been attained by the student being able:
(l) To recall the basic definitions of the terms used in computing.
(2) To describe the relationship of input of data, the process of transformation of such information inside the machine and how the output can be defined.
(3) To describe the characteristics of different types of languages. (4) To make clear to others the difference between a high and low level language. (5) To describe the elementary principles involved in information theory and how it relates to information transfer and medical recording procedures. (6) To explain such concepts as types of communication, channels of information, channel capacity and maximum information, and information redundancy. (7) To have a working knowledge of the basic vocabulary of information processing and be able to use it verbally and in written descriptions. (8) To describe the early history of information processing, involving machine processing, sorting and collating. (9) To describe different types of information manipulation, including different ways of preparing data for input and what types of information may be displayed in different ways on various output devices.
(10) To give examples of the different means of storing and retrieving information and presenting data resulting from various types of analyses. (11) To describe and identify the basic hardware components of the machine and the logical flow of data in an idealized machine. (12) To use, in an elementary fashion, a real-time conversational language, namely Basic.
In addition the student should be acquainted with the medical theory involved in the design of medical information systems and records and be aware of the medical applications which have been implemented and the facilities available in his own school.
The degree of attainment achieved in these aims was assessed by: multiple choice questionnaire of factual knowledge; written descriptions of problems reflected in the different aims already stated; subjective assessment of the work of pairs of students by observers in the practical sessions; and commitment to the activities of the course as a whole. Students who were considered to have reached an adequate state of knowledge and skill were allowed, if they wished, to progress to Level II or partake in medical computing projects already in progress in the school.
The course is approximately of 18 hours' duration for each student. Six one-hour lectures were given to all the students and four half-day sessions of practical work were given to pairs of students. Because of the limitations of facilities and staff no more than two pairs of students were taken for the practical work at any one session. The practicals offered facilities for clarification of the material covered in the lectures and more importantly 'hand on' experience of batch processing on the 200 user terminal and real-time conversation with the school's PDP-8.
However, as the courses have gone on there has been an increasing tendency to reduce the amount of lecturing time and replace it with group discussion working sessions using the computer itself. This has not always been popular with the staff, for it is much more demanding on our time, but has found a ready acceptance by the student. There have been problems in finding enough staff to do the teaching and our own department is hard pressed to produce the necessary teachers. There will also be a need in the future for such computer education to become much more extensive and perhaps the London Medical Schools will have to cooperate in the venture if it is to succeed. One of the priorities of the venture will be the training of teachers of computing related to medicine so that the teachers at least keep pace with the knowledge already exhibited by some of the new entrants to Medical School. 950 Proc. roy. Soc. Med. Volume 67 September 1974 24 One of the difficulties in designing the computer appreciation course outlined above, and also one of the reasons for having medical teachers with more computer expertise, is the increase of computing knowledge acquired by the students during their secondary and/or preclinical education. At King's over the last few years we have found that whereas initially less than 5% of the students had any knowledge of how to use a computer, this percentage has increased to about 20 % at the present time. The increase in sophistication of computer teaching at Universities for all undergraduates predicted by the Barnard Report in 1970 is becoming evident now in the clinical years. Another assumption, which is no longer so strongly tenable, is that medical students are non-numerate and this acts as a barrier to their understanding of computing. There is much they can gain from the course which does not involve numeracy, but nevertheless the percentage of students with 'A' level mathematics coming to King's Medical School in the April intake (London University students) has been 17% (1972), 22% (1973) and 29% (1974) . We hasten to add that they are not selected for clinical training with the computer courses in mind.
After doing the Level I course we have encouraged our senior students during their optional periods to come and work on the problems of computing. One student has already been involved in the design of a clinical system and others are actively involved in designing patient questionnaires. Thus it is possible to carry the education of students further by having them carry out practical tasks rather than arranging for them to have formal training in systems analysis and in computing programming techniques.
It would be wrong to lead you to think that we have found the required solutions. Nothing is further from the truth. As the situation is entirely flexible, and certainly as there is an increasing knowledge on the part of our students, the staff are driven more and more to realize their own inadequacies and the difficult problems that face us. However, it is felt that the necessary system of establishing aims, planning the course in relation to these aims, employing the best teaching methods within our limits of manpower and facilities and testing the result, will lead us to adapt our training increasingly to the needs of our students, rather than what we perceive the teachers ought to be doing.
In the postgraduate sphere we have found personal contact to be the best method of training, and a day of consultation is given over by medical unit staff to advise those who want advice. We encourage them to attend programming courses and to learn how to deal with their own data rather than adopt the practice of doing it all for them. This has not always been a happy solution, especially for senior consultants, but nevertheless has been forced upon us by circumstances. The response has been great and the number of users is well above the hundred.
In conclusion, we have stated something about the needs of medical personnel to know both the uses of computer systems and how to use them. We have no ready-made solutions to the problems of either training the teachers or teaching the students and postgraduates. However, the interest and needs are there: the problem is how we can best deploy our resources to meet them. 
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